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Abstract

Background: Neisseria meningitidis is a leading cause of bacterial meningitis in US; new capsular type-specific conjugate
vaccines offer an opportunity for improved control of meningococcal disease. We evaluated the relative burdens of invasive
meningococcal disease in US and examined the projected impact of various meningococcal conjugate vaccination strategies on
rates of meningococcal disease. Methods: meningococcal disease incidence rates were determined from active, population-based
surveillance in selected US areas. Models were created to determine impact of vaccination of infants, toddlers, adolescents or
college students with meningococcal conjugate vaccines, with assumptions for vaccine coverage, efficacy and duration of
protection. Although we examined possible conjugate vaccine formulations including serogroups A, C, Y and W-135, the final
vaccine impact analysis excluded serogroups A and W-135. Outcome measures were cumulative meningococcal disease incidence,
and incidence 10 years after initiating vaccination among 0—22-year-olds. Results: in models of serogroup C + Y meningococcal
conjugate vaccination of infants, toddlers and adolescents, the cumulative incidence of meningococcal disease was reduced by 54,
48 and 25%, respectively; the toddler strategy had the greatest impact per dose. After 10 years of routine meningococcal conjugate
vaccination, meningococcal disease could be reduced by 50% and deaths by 64%. Conclusions: use of meningococcal conjugate
vaccine could markedly reduce meningococcal disease incidence. Our data, along with vaccine formulation and vaccination
program considerations, will be important in determining the optimal choice of vaccination strategy. Published by Elsevier Science
Ltd.
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1. Background

A decade ago, most bacterial meningitis was caused
by three encapsulated organisms, Haemophilus influen-
zae type b (Hib), Streptococcus pneumoniae, and Neis-
seria meningitidis [1,2]. Introduction of Hib conjugate
polysaccharide vaccines in the late 1980s resulted in a
99% decrease in Hib disease [3]; one of the most
notable US public health achievements of the last
decade. Pneumococcal conjugate vaccines against the
most common S. preumoniae serotypes causing inva-
sive disease in the US have recently become available
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for integration into routine childhood immunization
[4]. Similarly, meningococcal conjugate vaccines are
also in development and may offer an opportunity to
dramatically reduce the incidence of meningococcal
disease.

In US, approximately 2400 cases of meningococcal
disease occur per year [5], however, this relatively low
disease incidence fails to convey the full impact of
disease. Meningococcal disease can rapidly progress
and cause high morbidity and mortality despite early
use of appropriate antibiotic therapy. Furthermore,
each case requires a public health response involving
labor-intensive contact tracing and antimicrobial
chemoprophylaxis. Outbreaks of meningococcal dis-
ease require costly emergency vaccination campaigns
[6,7]. For all these reasons, prevention of meningococ-
cal disease is a public health priority.
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The only meningococcal vaccine licensed and avail-
able in US is a quadrivalent polysaccharide vaccine
that protects against serogroups A, C, Y, and W-135.
Since it has a short duration of protection [8,9] and is
poorly immunogenic in infants <2 years [10,11], who
are at greatest risk of disease, meningococcal polysac-
charide vaccine is not recommended for routine child-
hood immunization [6]. Serogroup B strains, which
cause about one-third of disease in US, have a capsu-
lar polysaccharide that is poorly immunogenic in all
humans, so development of a serogroup B vaccine is
progressing along alternative pathways [12,13].
Serogroup B vaccines for routine use are unlikely to be
available in US for at least 5-10 years.

Several meningococcal conjugate vaccine formula-
tions are undergoing clinical trials in US and should
soon be available for use [14]; these vaccines should
improve immune response to  meningococcal
serogroups A, C, Y and W-135 polysaccharide anti-
gens in infants and young children [15] and provide
longer duration of protection for all ages [16]. In UK,
with a high burden of endemic meningococcal disease,
such expectations led to initiation of routine childhood
immunization with a serogroup C meningococcal con-
jugate vaccine in November 1999 [17]. Routine use of
similar vaccines in US may offer the first major oppor-
tunity for control of endemic meningococcal disease in
this country.

However, multiple strategies for implementing rou-
tine use of these vaccines are possible. Since meningo-
coccal disease affects a broad age-range, intervention
at a variety of points in the vaccination schedule
should be considered, including infants, toddlers, ado-
lescents and young adults at college entry. In addition,
changes in the distribution of meningococcal
serogroups over time complicate the choice of vaccine
formulation. Finally, combination vaccines including
meningococcal serogroups combined with pneumococ-
cal conjugate, Hib, diphtheria-pertussis-tetanus or
other existing vaccines are technically possible and
could reduce the number of recommended childhood
injections.

We used active, population-based surveillance data
to examine US burden of meningococcal disease and
incorporate this into quantitative models to assess the
impact of several strategies for use of meningococcal
conjugate vaccines to help advocate for strategies that
will maximize public health impact.

2. Methods
2.1. Surveillance data

Surveillance for invasive disease caused by N. menin-
gitidis is conducted as a part of the Active Bacterial

Core Surveillance (ABCs) [1,18]. This ongoing, popula-
tion-based active surveillance is a part of the Emerging
Infections Program Network coordinated by the Cen-
ters for Disease Control and Prevention (CDC) in
collaboration with participating state and local health
departments and universities. We used ABCs data col-
lected from January 1, 1990, through 31 December
1998. The participating surveillance sites during this
time were the states of Connecticut, Georgia, Mary-
land, Minnesota, Missouri, and Oklahoma along with
the five most populous counties in Tennessee, the San
Francisco Bay Area, and the Rochester, New York,
metropolitan area. Initiation and duration of surveil-
lance varied by site, with the total population under
surveillance varying by year from 10 million persons in
1990 to 30 million in 1998.

For this study, we defined a case of meningococcal
disease as isolation of N. meningitidis, from a clinical
specimen taken from a normally sterile site in a
surveillance area resident. Meningococcal meningitis
were defined as isolation of N. meningitidis, from cere-
brospinal fluid or isolation from blood with associated
clinical meningitis. Demographic, clinical and labora-
tory data were collected for each case. Serogroup iden-
tification was performed at CDC or in the respective
state for all isolates; we used CDC serogroup results,
when CDC and state results were discrepant.

To assess the sensitivity of reporting and case ascer-
tainment, hospitals were periodically audited by review
of microbiology records. Based on these audits,
surveillance personnel detected 96-98% of meningo-
coccal cases prior to audit; additional cases identified
by audit were included in the analysis.

2.2. Calculation of standardized incidence rates

Rates of disease among the surveillance populations
were calculated using US Bureau of the Census post-
census population estimates [19]. National projections
of cases were estimated by applying race- and age-spe-
cific rates of disease for the aggregate surveillance ar-
eas to the racial and age distribution of the US
population. Race was defined as black, white or other.
Race specification was missing in 7% of cases; missing
designations were distributed into specific race cate-
gories based on the reported race distribution for cases
with known race within each age category. Similarly,
in 15% of cases, the serogroup was unknown; these
were distributed into specific serogroup categories
within each age-race group based on the distribution
of cases with known serogroup in the same age-race
group. Within each age-group, serogroup-specific rates
and projected cases were estimated by applying the
proportion of each serogroup within the age-group to
the age-group specific rate and projected cases.
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2.3. Calculation of cumulative incidence rates

To calculate cumulative incidence rates, we assumed
that age-group-specific incidence rates were constant
for each single year within the age-group. Since im-
munologic memory induced by other protein antigen
vaccines has been demonstrated to elicit protection for
nearly 2 decades [20,21] and conjugate meningococcal
vaccines have been demonstrated to also induce im-
munologic memory [22], a long duration of protection
is expected from a meningococcal conjugate vaccination
strategy. Since most meningococcal disease occurs in
the first 2 decades of life, and to simplify the calcula-
tions of vaccine impact through all age-groups exam-
ined, we chose a duration of protection of 22 years.
Serogroup-specific cumulative incidence rates through
the first 22 years of life were calculated by summing the
age-specific projected cases for each single year of age
divided by the population of 0—22-year-olds. Incidence
rates were calculated for the following age groups:
infants (0—-23 months), toddlers (2—-4 years), adoles-
cents (11-17 years) and college students (18—22 years).

2.4. Calculation of vaccine impact

We modeled four vaccination strategies separately
and in combination (Table 1). The strategies were
based, in part, on recommendations for Hib and pneu-
mococcal conjugate vaccination [23,24]. Although an
infant or toddler 15-18 month booster dose may be
required, our analysis included only the primary vacci-
nation series. As with the cumulative incidence rate, we
assumed a steady-state US population with constant
age-specific rates over time and a duration of protection
by the vaccine of at least 22 years.

Cumulative impact was calculated (Table 2) by fol-
lowing the 1998 US annual birth cohort (persons <1
year of age) [19] over the first 22 years of life after

Table 1

vaccination as described for each strategy. Impact was
calculated as total disease or deaths during the cumula-
tive time period, and disease and deaths averted per
million doses of vaccine administered in the primary
series (three doses for the infant and one dose for the
toddler strategy).

We evaluated the sensitivity of our model to varia-
tions in age-specific vaccination coverage and vaccine
efficacy by calculating vaccine impact projections for
two vaccination coverage scenarios. The ‘ideal’ scenario
assumed 100% vaccination coverage for all targeted
age-groups and, for persons >1 year of age, a
serogroup-specific vaccine efficacy of 97% after a single
dose of vaccine, based on estimates of efficacy during
infancy after four doses of pneumococcal conjugate
polysaccharide vaccine [4]. To account for the develop-
ing infant immune response, for infants <1 year of
age, we assumed an efficacy of 0% before and 97% after
the second dose of vaccine at 4 months of age. A
‘current’ scenario assumed 1998 US age-specific cover-
age levels. Vaccination coverage rates for the age-
groups 5-11 months and 1 year were taken from
National Immunization Survey data for Hib immuniza-
tion among children at 7, 13, and 24 months of age [25].
Coverage in the 2—4-year age-groups was taken from
national data for three doses of Hib [26], and coverage
of 5—10-year-olds was taken from national school entry
immunization data [27]. Due to the sparse data on
vaccination coverage rates for the adolescent (11-17-
year-old) age group, we used a rate of 66% based on
hepatitis B virus vaccination coverage among 11-year-
olds in Florida of 62% in 1997 [28] and 71% in North
Carolina in 1996 [28,29]. The ‘current’ scenario also
assumed a lower vaccine efficacy estimate of 93% based
on efficacy of two doses of Hib vaccine in infants
[30,31]. To evaluate a college-based vaccination sched-
ule, we assumed 100% coverage of the 36% of persons

Meningococcal conjugate vaccination strategies and vaccine coverage assumptions

Vaccination Doses given for

Age-group-specific vaccine coverage (%)® under ideal/current assumptions®

strategy primary vaccination
series® 0-4 months®  5-11 months  12-23 months 2-4 years 5-10 years 11-17 years  18-22 years
Infant 2, 4, and 6 months  100/63 100/63 100/87 100/93 100/98 100/66 100/100
Toddler 12 months 0/0 0/0 100/87 100/93 100/98 100/66 100/100
Adolescent 11 years 0/0 0/0 0/0 0/0 100/66 100/100
College College entry (18 0/0 0/0 0/0 0/0 0/0 100/100
years)

2 Although an infant or toddler 15-18 month booster dose may be required, this analysis models only the primary vaccination series.

b Catch-up coverage assumed to occur for each strategy [24-28].

¢ Efficacy chosen to be 97% under ideal assumptions and 93% under current assumptions after a single dose of conjugate vaccine for ages >1
year and after two doses for ages 4-11 months; efficacy was assumed to be 0% from birth to age 4 months for all strategies [4,29,30].



J.R. Lingappa et al. / Vaccine 19 (2001) 45664575 4569

Table 2
Formulae used for modeling

Calculation Formula

Cumulative incidence (0-22 years)

Baseline T YR,

Infant, toddler or I Y, (1-CE)R,
adolescent
schedule®

Vaccine impact (meningococcal disease cases) during 10th year

after initiating vaccination strategy®*°

Infant, toddler or 2 Z [Y,(1-CE)R,P]/10x5
adolescent schedule

Definitions*

R, = Baseline meningococcal disease/death
rate for age-group i, serogroup j

Y,; = Number or fraction of years in age
group i

C; = Vaccination coverage for age group i
E, = Vaccination efficacy for age group i
P, =1998 US population for age group i

2 Fixed population cohort progressing from birth through age 22
years; 22 years protection and constant age-specific incidence rates
assumed.

® Calculation is for incidence due to serogroups present in pro-
posed vaccine formulations. Disease/death due to serogroups not
represented in proposed vaccine formulation included by adding in
baseline rates of disease/deaths due to those serogroups.

¢ After 10 years of infant or adolescent strategy vaccination, all
persons 0-9 or 11-19 years of age, respectively, would have been
eligible for vaccination. Age groups were divided accordingly to
determine populations covered by vaccination.

d Age-groups: i= 1:0-4 months; i=2:5-11 months; i=3:12-23
months; i =4:2-4 years; i = 5:5-10 years; i = 6:11-17 years; i = 7:18-
22 years; i = 8:23-64 years; i = 9: > 65 years; serogroups-j = 1-6 corre-
sponding to serogroups A, B, C, Y, W-135 and other, respectively;
incidence rates (R;;) based on age-group and race-specific surveillance
data projected to US population at the time of surveillance.

18—-22 years of age enrolled in undergraduate institu-
tions [32].

In addition to looking at impact of vaccination
assuming ideal and current values for coverage
and efficacy, we evaluated the sensitivity of our
model to changes in efficacy and coverage by calculat-
ing the reduction in cumulative disease or deaths
through use of a C + Y meningococcal conjugate vac-
cine in each vaccination strategy for various combina-
tions of efficacy (60, 80 or 100%) and coverage
(40-100%, in 10% increments) applied simultaneously
to all age groups.

We calculated the impact of specific vaccination
strategies using age-group-specific, race-adjusted, na-
tionally projected rates to determine cases of meningo-
coccal disease and deaths that could be expected during
the tenth year after initiating vaccination with either a
monovalent serogroup C or a bivalent C + Y meningo-
coccal conjugate vaccine formulation.

2.5. Statistical analysis

Incidence rates and vaccination impact were calcu-
lated using SAS™ for Windows statistical analysis soft-
ware (version 6.12, The SAS Institute, Cary, NC) and
Excel for Windows (version 7.0, Microsoft Corpora-
tion, Redmond, WA).

3. Results

From 1990 to 1998, we detected 1886 cases of
meningococcal disease, for an annual incidence in the
surveillance areas of 1.1 cases/100,000 population. The
overall race-adjusted, US projected rate of meningococ-
cal disease was also 1.1 cases/100,000 population. Rates
were highest for serogroup B during infancy, with
serogroups C and Y predominating in toddlers and
adolescents (Fig. 1). The proportion of disease caused
by specific serogroups changed during the decade with,
most notably, serogroup Y disease increasing from 2%
in 1990—1992 to 37% in 1996—1998. Overall from 1990
to 1998, the proportions of total disease attributed to
serogroups B, C and Y were 27, 36, and 29%, respec-
tively. Mortality from meningococcal disecase was 10%
for all ages combined, 8% during the first 22 years of
life, and 13%, for persons10-22 years of age. Among
persons 0—22 years of age, 59% of meningococcal dis-
ease presented as meningitis, compared with 49% for all
ages.

Through the cumulative incidence analysis, we exam-
ined the potential impact of specific vaccine formula-
tions and vaccination strategies on rates of
meningococcal disease and deaths among persons 0—22
years of age (Table 3A). We assessed the potential
impact of including various serogroup components in a
conjugate vaccine formulation. However, since
serogroups C and Y are the principal causes of disease
for which a conjugate polysaccharide vaccine is avail-
able, the results reported here focus on formulations
with one or both of these serogroups. By calculating
age-group specific incidence rates from the full 9-year
surveillance data, the effect of transient variations in
age-group specific incidence rates on impact of vaccina-
tion strategies are minimized (data not shown). Com-
pared with the serogroup C conjugate vaccine, the
serogroup C+ Y conjugate vaccine could prevent 280
(48%), 235 (44%) and 150 (60%), more cases of
meningococcal disease in the infant, toddler or adoles-
cent strategy, respectively. Although rates of meningo-
coccal disease are highest during infancy, the toddler
strategy would leave infants unprotected for only 7
months more than the infant strategy; an infant strat-
egy using the C+Y formulation would prevent 88
more cases and three more deaths than a toddler strat-
egy. However, since three doses are needed for the



Table 3
Impact of vaccination strategies: cumulative analysis

Vaccination strategy Serogroup C vaccine Serogroup C+Y vaccine

Disease remaining (%) reduction Deaths (%) Disease remaining (%) reduction Deaths (%)
remaining  reduction remaining  reduction

A Cumulative meningococcal disease |deaths over first 22 years of life and percent decrease from unvaccinated baseline after specific vaccination strategy using serogroup C or C+Y
meningococcal conjugate vaccine

No vaccination baseline 1605 - 127 - 1605 - 127 -
Infant 1026 36 59 54 746 54 39 69
Toddler 1069 33 62 51 834 48 42 67
Adolescent 1359 15 91 28 1209 25 73 42

B Cumulative meningococcal disease |deaths averted per dose of vaccine® over first 22 years of life* after specific vaccination strategy using serogroup C or C+ Y meningococcal conjugate
vaccine

Disease averted/10° doses  Deaths averted/10° doses Disease averted/10° doses  Deaths averted/10® doses
Infant 51 6 76 8
Toddler 142 17 204 23
Adolescent 65 10 105 14

4 Based on vaccination strategies with ideal assumptions (100% coverage and 97% efficacy over 4 months of age and 0% efficacy for 0-4 months of age), applied to 1998 US birth cohort

(3,776,389 persons) [19].
® Doses of vaccine administered calculated by multiplying 1998 birth cohort by number of vaccine doses in primary vaccination series.

0LSY
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infant strategy (two more than for the toddler strategy),
the toddler strategy compared with the infant strategy
would prevent 128 more cases and 15 more deaths per
10% doses of vaccine administered (Table 3B). Use of a
C+ Y formulation in an infant, toddler or adolescent
strategy could reduce cases of meningococcal meningitis
by 52, 49, or 27%, respectively, from the unvaccinated
baseline (data not shown).

To determine how the cumulative analysis was af-
fected by changes in vaccine coverage and efficacy, we
performed a sensitivity analysis. We calculated the com-
parative impact on disease and deaths if the cumulative
analysis were applied using the ‘ideal’ and ‘current’
age-specific assumptions for coverage and efficacy for a
C + Y meningococcal conjugate vaccine used in each of
the strategies. Compared with the assumption of using
a C + Y vaccine with ideal coverage and efficacy, use of
current coverage and efficacy assumptions would re-
duce the impact of infant and toddler strategies on
disease incidence by 11 and 8%, respectively, and on
deaths by 12% for both strategies. The adolescent strat-
egy is more significantly affected by the current cover-
age and efficacy assumptions, with impact on disease
reduced by 37% and on deaths by 33%. Qualitatively
similar results were found when we examined the effect
of systematic variations in coverage and efficacy on
reducing disease and deaths after use of a C+Y
meningococcal conjugate vaccine in each of the strate-
gies (data not shown).

At a fixed point in time 10 years after initiating
vaccination, the infant and toddler strategies would
have greater impact on reducing annual cases of
meningococcal disease than the adolescent strategy (28,
24 and 21%, respectively, with a C + Y vaccine) (Table
4), however, the adolescent strategy would have a
greater impact on reducing meningococcal deaths. Use
of a C+Y vaccine formulation in a combined infant,
adolescent and college age strategy for 10 years could
reduce meningococcal disease by 50%.

Cases per 100,000 persons

<1 1 2-4 5-10

We also examined the impact of combining conjugate
meningococcal serogroup components with the existing
heptavalent pneumococcal conjugate vaccine [4]. This
analysis indicates that such a combination vaccine
could prevent 30% more deaths among persons 0—22
years of age than the heptavalent pneumococcal conju-
gate vaccine alone-far more deaths than could be pre-
vented through addition of any other pneumococcal
serotype (data not shown).

4. Discussion

Despite the best efforts of clinicians and public health
practitioners, meningococcal disease continues to occur
in US, killing some persons and leaving others perma-
nently handicapped [1,18,33]. Our data suggest that
routine use (in a strategy combining infant or toddler
use with adolescents and college entry vaccination) of a
serogroup C+ Y meningococcal conjugate vaccine
could prevent nearly 800 cases of meningococcal dis-
ease and 80 deaths in the US each year. Our analysis
provides insight into the quantitative impact of target-
ing specific age-groups with meningococcal conjugate
vaccines.

Rates of meningococcal disease are highest during
infancy, and an infant vaccination strategy would even-
tually prevent disease and deaths over a wide age-range.
However, if a meningococcal conjugate vaccine is first
approved for toddlers or adolescents, rapid implemen-
tation of vaccination in these populations would also
have a significant impact on disease. The toddler strat-
egy would prevent more cases of disease and deaths per
dose of vaccine, and because of the high case-fatality
ratio for meningococcal disease among adolescents, the
adolescent strategy would reduce deaths due to
meningococcal disease disproportionately to its impact
on disease prevention. Recent reports have found some
college students to be at higher risk for meningococcal

11-17  18-22  23-64 >=065

Age Group (Years)

Fig. 1. Projected incidence of serogroup-specific meningococcal disease with serogroup B in red, serogroup C in yellow, serogroup Y in green, all
other serogroups combined in blue and total meningococcal disease in black.
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Table 4

Total meningococcal disease/deaths among persons 0-22 years of age and percent reduction from unvaccinated baseline after first 10 years of

specific vaccination strategy®

Vaccination Serogroup C vaccine Serogroup C+Y vaccine
strategy
Disease (%) reduction ~ Deaths (%) reduction  Disease (%) reduction  Deaths (%) reduction
remaining remaining remaining remaining
No vaccination 1621 - 130 - 1621 - 130 -
baseline
Infant 1301 20 100 23 1175 28 97 25
Toddler 1324 18 100 23 1239 24 98 25
Adolescent 1414 13 102 22 1284 21 84 35
College 1584 2 122 6 1565 3 122 6
Infant 1079 33 68 48 814 50 47 64
+adolescent
+college
Toddler 1102 32 68 48 878 46 48 63
+adolescent
+college

@ Based on vaccination strategies with ideal assumptions (100% coverage and 97% efficacy for infants over 4 months of age and 0% efficacy for

0-4 months of age) applied to 1998 US census population [19].

disease [34,35], and new Advisory Committee on Im-
munization Practices (ACIP) recommendations [36]
have prompted increased use of vaccine among college
students, but use of meningococcal conjugate vaccine in
this population would have minimal impact on overall
rates of meningococcal disease and deaths.

Meningococcal polysaccharide vaccines are effective
in preventing meningococcal disease in older children
and adults [37,38], however, polysaccharide vaccines do
not consistently reduce carriage. Our models suggest
that adolescent vaccination would have a lesser impact
on meningococcal disease rates than either infant or
toddler strategies, but we did not include the impact
that conjugate vaccine may have on lowering meningo-
coccal carriage rates. If meningococcal conjugate vac-
cines act similar to Hib conjugate vaccines [31,39],
reduction in carriage may decrease transmission to
unvaccinated persons, resulting in herd immunity. Since
meningococcal carriage rates are highest in adolescents
and young adults [40,41], vaccination of adolescents
with meningococcal conjugate vaccine could maximize
herd immunity thus improving the effectiveness of this
strategy.

Decisions about vaccine formulations are compli-
cated by changes in the distribution of meningococcal
serogroups. For example, consistent with earlier reports
[42], we found that the proportion of meningococcal
disease caused by serogroup Y has risen dramatically in
US over the past decade. We determined that addition
of a serogroup Y conjugate to a serogroup C conjugate
vaccine used with an infant strategy could result in 48%
greater reduction in meningococcal disease. If the same
calculation were based on the serogroup distribution in
1990-1992, the projected disease reduction attributed

to the addition of serogroup Y to a conjugate vaccine
would have been 12% (data not shown). In contrast to
this increase in serogroup Y disease, serogroup A has
not been confirmed as a cause of meningococcal disease
in US in nearly 20 years [18] despite its having been a
major cause earlier in this century [43,44] and remain-
ing very important internationally [45]. The recent out-
break of serogroup W-135 meningococcal disease
among pilgrims returning from the Hajj raises the
possibility that serogroup W-135, historically a minor
cause of disease, could also rise to greater prominence
in US and world-wide [46]. The reasons for these
changes are not completely clear and, therefore, with
our current level of understanding, future changes in
serogroup distribution are difficult to predict distribu-
tion. Although our analysis indicates that the addition
of serogroups W-135 and A components to a serogroup
C+Y conjugate meningococcal vaccine would not
have significant impact on current US rates of
meningococcal disease (data not shown), uncertainties
in the future importance of these serogroups make the
a broader A/C/Y/W-135 conjugate vaccine formulation
appealing for the greater flexibility it would provide in
the face of future changes in US serogroup distribution
[47]. Such a vaccine could also be used internationally
despite variations in the global distribution of meningo-
coccal serogroups [33].

Factors affecting implementation of vaccination pro-
grams can also affect the impact of specific strategies.
For the infant and toddler strategies, use of current
rather than ideal estimates of coverage and efficacy did
not substantially change our conclusions. Since current
adolescent vaccination rates are lower than infant or
toddler rates, the utility of the adolescent strategy will
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depend on improving vaccination coverage in this age-
group. Due to of widespread public apprehension
about meningococcal disease, higher adolescent cover-
age rates might be achieved for meningococcal conju-
gate vaccine than expected for other vaccines; this, in
turn, could result in improved coverage rates for other
adolescent vaccines. Implementation of a 3-dose infant
meningococcal conjugate vaccine strategy is also com-
plicated by the already crowded infant immunization
schedule. A single-dose toddler vaccine could achieve
greater impact per dose of vaccine with minimal
changes to the existing vaccination schedule, but this
would be at the cost of missing some preventable cases
of meningococcal disease in infancy. Future combina-
tion vaccines that blend meningococcal conjugates with
currently approved or soon-to-be-available vaccines
may provide a way to protect infants with a simplified
vaccine schedule [48]. Although these combination vac-
cines are still early in development, the addition of a
meningococcal component would broaden the impact
of existing vaccines on childhood diseases. Although a
cost-effectiveness analysis for use of meningococcal
conjugate vaccines in isolation or in combination with
other vaccines was beyond the scope of our study,
vaccines combining meningococcal conjugate compo-
nents with other childhood vaccines would likely also
provide a way for improving cost-effectiveness of
meningococcal conjugate vaccination.

While the choice of an appropriate meningococcal
conjugate vaccination strategy is clearly complex, our
data demonstrate that over the next 10 years, several
strategies and vaccine formulations could be employed
to maximize public health impact and decrease the
burden of meningococcal disease in US. Eventually,
routine use of combination vaccines administered in the
first 6 months of life which include pneumococcal, Hib
and meningococcal conjugates, as well as an effective
serogroup B meningococcal vaccine may offer the best
hope for dramatically and efficiently reducing morbid-
ity and mortality from bacterial meningitis.
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